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Abstract 15 
Most tropical fruit flies only lay into mature fruit, but a small number can also 16 
oviposit into unripe fruit. Little is known about the link between adult oviposition 17 
preference and offspring performance in such situations.  In this study we examine the 18 
influence of different ripening stages of two mango Mangifera indica L. 19 
(Anacardiaceae) varieties on the preference and performance of the Oriental fruit fly, 20 
Bactrocera dorsalis (Hendel) (Diptera: Tephritidae), a fly known to be able to 21 
develop in unripe fruit. Work was carried out as a series of laboratory-based choice 22 
and no-choice oviposition experiments and larval growth trials. In oviposition choice 23 
trials, female B. dorsalis demonstrated a preference for ripe fruit of mango variety 24 
Namdorkmai over variety Oakrong, but generally the dependent variable most 25 
influencing oviposition results was fruit ripening stage. Ripe and fully-ripe mangoes 26 
were most preferred for oviposition by B. dorsalis. In contrast, unripe mango was 27 
infrequently used by ovipositing females, particularly in choice trials. Consistent with 28 
the results of oviposition preference, ripe and fully-ripe mangoes were also best for 29 
offspring survival, with a higher percentage of larval survival to pupation and shorter 30 
development times in comparison to unripe mango. Changes in Total Soluble Solids, 31 
TSS, and skin toughness correlate with changing host use across the ripening stages. 32 
Regardless of the mango variety or ripeness stage, B. dorsalis had difficulty 33 
penetrating the pericarp of our experimental fruit. Larval survival was also often poor. 34 
We discuss the possibility that there may be differences in the ability of laboratory 35 
and wild flies to penetrate fruit for oviposition, or that in the field flies more regularly 36 
utilize natural fruit wounds as oviposition sites. 37 
 38 
Introduction 39 
Tropical fruit flies (Diptera: Tephritidae: Dacinae) are important agricultural pests, 40 
depositing their eggs into fruits and vegetables, the flesh of which is subsequently 41 
consumed by the developing larvae (White & Elson-Harris 1992). Fruit vary in the 42 
resources they offer larvae, with the quality of available nutrients, particularly, 43 
influencing size, development time, pupal weight, adult eclosion rate, and 44 
reproductive maturation time of adult flies (Krainacker et al., 1987; Bruzzone et al., 45 
1990; Hing, 1991; Khan et al., 1999; Kaspi et al., 2002). As for many herbivorous 46 
insects where selection of egg-laying site depends at least partially on host plant 47 
quality (Wilson, 1988; DiTommaso & Losey, 2003; Van Nouhuys et al., 2003), adult 48 
fruit flies are known to make decisions about which fruit to oviposit into based on the 49 
suitability of the fruit for their offspring‟s performance (Fitt, 1981; Fontellas-50 
Brandalha & Zucoloto, 2004; Joachim-Bravo et al., 2001). Female fruit flies find and 51 
assess larval hosts using olfactory, visual and contact cues: the color, size, shape and 52 
smell of fruit, twig and foliage of host plant; all influence a female fruit fly‟s response 53 
(Prokopy & Owens, 1983; Jang & light, 1991; Prokopy & Vargas, 1996; Cornelius et 54 
al., 1999; Alyokhin et al., 2000; Drew et al., 2003; Brevault & Quilici, 2007). 55 
 56 
The majority of dacine fruit flies are thought to only oviposit into ripe or over-57 
ripe fruit (Fletcher, 1987; Allwood, 1997) and harvesting green fruit can be a 58 
recognized quarantine treatment for fruit fly (Armstrong & Jang, 1997). The stage of 59 
host fruit ripening influences fruit physical and chemical traits such as color, tissue 60 
firmness, aroma, proportion of starch to free sugars and quantities of other organic 61 
compounds (Bidwell, 1979; Medlicott & Thompson, 1985; Lalel et al., 2003; 62 
Yashoda et al., 2007). Not surprisingly, physiological changes during ripening 63 
influence fruit fly oviposition behavior (Messina & Jones, 1990; Messina et al., 1991). 64 
The organic compounds released from ripe papaya, Carica papaya L. (Caricaceae) 65 
were found to be significantly more attractive to Bactrocera dorsalis (Hendel) 66 
(Diptera: Tephritidae) than those from unripe papaya (Jang & Light, 1991), perhaps 67 
partially explaination that fly‟s oviposition preference for ripe papaya over mature 68 
green papaya (Seo et al., 1982). Diaz-Fleischer and Aluja (2003) found that fruit 69 
firmness played an important role in oviposition strategies of female Anastrepha 70 
ludens (Loew) (Diptera: Tephritidae), with females laying larger egg clutches into 71 
unripe fruit than ripe fruit.  72 
 73 
In addition to changes influencing nutritional quality of the fruit for larvae, 74 
other aspects of fruit development can influence fruit fly host utilization. For example, 75 
unripe fruit often has tougher skin than fully ripe fruit. Tough fruit skin is a limitation 76 
to fruit flies (Balagawi et al., 2005), possibly because of the physical wear, it may 77 
produce on the aculeus (Jones & Kim, 1994). Because of this limitation and 78 
regardless of the ripening stage of fruit, many tephritid species prefer to lay their eggs 79 
in soft sites on fruit, and in cracks, wounds and existing egg-laying cavities (Pritchard, 80 
1969; Papaj et al., 1989; Papaj & Alonso-Pimentel, 1997; Shelly, 1999). Green fruit 81 
of some plant species also contains latex with high toxin levels (eg mature green 82 
papaya; Seo et al., 1983), or resin containing canal systems (eg in fruits of the plant 83 
family Anacardiaceae; Joel, 1981; Herrera, 1982). Such attributes are likely to hind 84 
fruit fly larvae (Joel, 1978), just as plant resins are known to obstruct herbivorous 85 
insect feeding in other plant/herbivore systems (Dussourd & Denno, 1991; Data et al., 86 
1996).  87 
 88 
Some fruit flies are known to attack immature fruit (eg Bactrocera musae 89 
(Tryon), Drew et al., 1978; Bactrocera minax (Enderlein), Dorji et al., 2006), but 90 
there is very limited information available on comparative host use by a fly species 91 
across fruit ripening stages. Seo et al. (1982, 1983) and Jang & Light (1991), using 92 
papaya as their host system, found that B. dorsalis were more attracted to the odor of 93 
ripe papaya and preferred ripe papaya for oviposition over mature green papaya, but 94 
did oviposit into mature green fruit. Bactrocera dorsalis is one of the most serious 95 
pests of agricultural across India, Asia and the Pacific (Clarke et al., 2005) and has 96 
been observed attacking green fruit at low levels in South-east Asia (R.A.I. Drew, 97 
pers comm.). The detection of incursive B. papayae Drew & Hancock, a sibling 98 
species of B. dorsalis, in far-north Queensland in the mid-1990‟s was because of the 99 
unusual observation of maggots in green papaya (Drew, 1997). Such observations of 100 
B. dorsalis complex flies attacking green fruit warrants further investigation because 101 
of in-field management and market access implications.   102 
 103 
In Thailand, B. dorsalis is regarded as a pest of mango Mangifera indica L. 104 
(Anacardiaceae), requiring in-field control. Depending on the mango variety and its 105 
intended use, the fruit is picked green or ripe for domestic and international sale.  No 106 
detailed studies have been carried out on the susceptibility of different mango 107 
ripening stages to B. dorsalis, information which is required for both production and 108 
export systems. To partially address this issue, this paper presents a detailed, 109 
laboratory-based analysis of B. dorsalis adult oviposition preference and offspring 110 
performance across three fruit ripening stages for two locally common mango 111 
varieties, Namdorkmai and Oakrong.  Both these varieties are subject to commercially 112 
significant fly infestation in the field unless protected. 113 
 114 
Materials and Methods 115 
Fruit flies and location of experiment 116 
Bactrocera dorsalis were originally received from a culture maintained by the 117 
Entomology and Zoology Group, Department of Agriculture, Bang Khen, Bangkok. 118 
Adult flies were fed with water and sugar: yeast hydrolysate (3:1) and larvae were 119 
reared on banana Musa sp. (Musaceae), Namwa variety. Average humidity, 120 
temperature and light intensity within the laboratory were 61%, 25 ºC and 331 Lux, 121 
respectively. Culture lines were nine generations old when used in trials and had 122 
undergone a bottle-neck when first established.  To convince ourselves that culturing 123 
had not dramatically altered the behaviour of flies, a subset of the 124 
preference/performance trials were repeated using F1 flies from the field after the 125 
laboratory studies were completed. These trials showed no obvious difference to the 126 
patterns of host use shown by cultured flies. Results of the validation trial are 127 
available on request from the contact author. Voucher specimens of flies used in the 128 
trials are deposited at the National Biological Control Research Center Headquarters 129 
and Department of Entomology, Kasetsart University, Bangkok, Thailand. All 130 
research was carried out under laboratory conditions at the National Biological 131 
Control Research Center, Headquarters, Kasetsart University, Bangkok, Thailand. 132 
 133 
 134 
Fruit hosts 135 
Two local mango varieties (Namdorkmai and Oakrong) were chosen to determine the 136 
preference of B. dorsalis for fruits of different ripening stage. All fruits were bought 137 
from local markets at unripe (hard-green) or ripe (green-yellow; marketable after 138 
shipment) stages.  Some ripe mangoes were allowed to further ripen to fully-ripe 139 
(yellow; marketable for local use at the production site) stage on the shelf for 140 
experiments. Based on discussion with the growers selling their fruit, all mangoes 141 
used in experiments had been protected from wild flies by fruit bagging and had not 142 
been subjected to pesticide treatments.  To check for possible field infestation of the 143 
fruit, in every experiment five mangoes were randomly selected and incubated in 144 
separate plastic containers to see if pupae were recovered. No pupae were recovered 145 
from this control fruits.   146 
 147 
Fruit characteristics 148 
Additional to fruit used in trials, 15 and 20 fruits from each ripeness stage of mango 149 
varieties Namdorkmai and Oakrong, respectively, were randomly selected for 150 
measurements of Total Soluble Solid, TSS, (=Brix), measured using a Handheld Brix 151 
Refractometer (OPTIK, Model B-32). Brix degree is used to measure sugar, organic 152 
acid and other components in the juice of fruit (Linskens & Jackson, 1995). Pericarp 153 
toughness was measured using a penetrometer (Black & Decker®) with 1 mm 154 
diameter probe (the diameter of punctured hole of B. dorsalis female fly is about 0.2 + 155 
0.01 mm, n = 30, authors‟ pers obs). This diameter probe was also used by Balagawi 156 
et al. (2005) and Diaz-Fleischer & Aluja (2003) to measure fruit firmness in their 157 
studies. Eleven unripe fruits, 13 ripe and fully-ripe fruits of mango variety 158 
Namdorkmai, and ten unripe fruits, 15 ripe and fully-ripe fruits of mango variety 159 
Oakrong were used to determine. Penetometer readings were taken at three different 160 
locations on each fruit and averaged for the fruit. 161 
 162 
Effect of mango ripening stages on host preference of Bactrocera dorsalis 163 
No-choice experiment 164 
To evaluate the propensity of B. dorsalis females to oviposit into mangoes of differing 165 
ripeness, fruit of each ripeness stage and mango cultivar were placed individually in a 166 
30x30x30 cm Perspex observation cage. The place of attachment between the fruit 167 
and the mango stem was covered with tape as preliminary observations showed that 168 
female flies tended to oviposit at this site, despite this site not being exposed to the fly 169 
under natural conditions. An individual 21- to 22-day-old, mated female fly was 170 
released in an observation cage with one mango per replicate. Twenty single-fly 171 
replicates were conducted for each ripeness stage for each mango variety. Fruit fly 172 
behaviors observed and recorded were: (i) number and duration of fly visits to a fruit; 173 
(ii) number of attempted ovipositions (unsuccessful penetration); (iii) number and 174 
duration of successful oviposition events. Observations were done from 7.00 a.m. to 175 
5.00 p.m. At the end of the day, females were dissected to check if eggs were present 176 
in their ovaries.  177 
All fruits that female flies had laid eggs into were placed individually into 178 
separate, gauze covered plastic containers with sand and incubated for 15-16 days 179 
until larvae had pupated. The pupae were counted, weighed and left in plastic 180 
containers for adult eclosion. The number of emergent adults was recorded.  181 
 182 
Choice experiment 183 
A choice experiment was conducted to determine the behavior of individual female B. 184 
dorsalis when three mango ripening stages (unripe, ripe and fully ripe) of the one 185 
variety type offered simultaneously in a 50x50x50 cm laboratory cage. With the 186 
exception of simultaneous offering of fruit, all other experimental conditions were as 187 
for the no-choice trial. 188 
 189 
Larval performance 190 
Bactrocera dorsalis eggs were collected using an inverted perforated plastic cup 191 
swabbed with the flesh of Musa sp. Eggs were placed in water and those which sunk 192 
were collected for use: floating eggs are unviable (Balagawi et al., 2005). From 193 
experience, egg hatchability from the culture used was about 80%, but was not 194 
explicitly tested for this experiment.  A narrow slit was made in the mango skin near 195 
the stem end of the fruit using a sterile blade. Twenty eggs were inserted into the slit 196 
using a brush. The mangoes were subsequently individually incubated over sand for 197 
pupae. The pupae were counted, weighed and left in plastic containers for adult 198 
eclosion, with the number of emergent adults counted. Twenty replicates for each 199 
mango cultivar and ripeness stage were done.  200 
 201 
Statistical analyses 202 
Results were initial analysed using two-way ANOVA to test for effect of variety, 203 
ripeness stage and their interaction. If there was no significant interaction effect then 204 
data was pooled across varieties and effect of ripeness stage was tested using one-way 205 
ANOVA. Data were transformed, if required, to meet the assumptions of ANOVA, 206 
and then back-transformed for presentation in graphs and table. Response variables 207 
analyzed were number of attempted ovipositions, total number and duration of fly 208 
visits to fruit, number of pupae, weight of pupae, percent of adult emergence, duration 209 
of an egg to adult period and physical characteristics of different mango varieties (ie 210 
pericarp toughness and TSS). Post hoc, pairwise comparisons of means were made 211 
using Tukey-test. Regression analysis was used to describe the relationship between 212 
the number of pupae and weight of pupae in a cohort for all replicates, across all 213 
treatments. 214 
  215 
Results 216 
Fruit characteristics 217 
Mango var. Namdorkmai is a significantly bigger mango than var. Oakrong 218 
(ANOVA: F2,71 = 0.0027, error d.f. = 112, P < 0.0001) (Table 1). Mean Total Soluble 219 
Solids (TSS) differed significantly among the different ripening stages of the two 220 
mango varieties (ANOVA: F2,99 = 3.609, P = 0.031), but the general pattern showed 221 
variety Oakrong to be the sweeter mango. For both mango var. Namdorkmai and 222 
mango var. Oakrong TSS differed significantly among different ripening stages of 223 
fruit (ANOVA: F2,44 = 86.039, P < 0.0001; F2,59 = 363.441, P < 0.0001, respectively), 224 
with the fruit sweetening as it ripened (Table 1). Like TSS, there were significant 225 
differences in mean pericarp toughness among different ripening stages of two mango 226 
varieties (ANOVA: F2,71 = 19.720, P < 0.0001), with variety Namdorkmai having the 227 
generally tougher pericarp. Pericarp toughness declined with ripening for both 228 
varieties (Namdorkmai, ANOVA: F2,36 = 886.189, P < 0.0001; Oakrong, ANOVA: 229 
F2,39 = 488.735, P < 0.0001) (Table 1). 230 
 231 
Despite both mango varieties being known hosts of B. dorsalis, direct 232 
observation of oviposition behavior under laboratory conditions demonstrated that 233 
few flies could successfully penetrate the pericarp of either mango variety at any stage 234 
of ripeness: only a few flies achieved successful oviposition. Post-experimental 235 
dissection of flies showed all had eggs in their ovaries and were thus physiologically 236 
capable of ovipositing. All flies attempted to oviposit into the fruits and there were 237 
distinct behavioral responses to the different mango ripening stages. Thus, in the 238 
following section, the number of oviposition attempts, rather than successful 239 
ovipositions, is analyzed to determine the preference of female flies to different 240 
ripening stages of mangoes. The performance outcomes of successful ovipositions are 241 
presented, but performance results where eggs were artificially placed below the fruit 242 
skin (section larval performance) give a more reliable performance measure. 243 
 244 
Adult preference 245 
No-choice experiment 246 
Visit number and duration per day. There was no significant difference between 247 
mango varieties in the daily number of visits made by female flies to different 248 
ripening stages of the fruit (ANOVA: F2,114 = 2.991, P = 0.054), so data was pooled 249 
across mango variety. The daily number of visits differed significantly among 250 
different stages of ripeness (ANOVA: F2,117 = 10.224, P < 0.0001), with female flies 251 
making significantly similar numbers of visits to ripe and fully-ripe fruits and 252 
significantly fewer visits to unripe fruit (Figure 3.1a).   253 
 There was a significant difference in the total duration of visits by female flies 254 
to different ripening stages of mango between the two mango varieties (ANOVA: 255 
F2,114 = 3.641, P = 0.029), and so results for each variety are presented separately. For 256 
mango variety Namdorkmai, the total duration of visits differed significantly with 257 
ripening stage (ANOVA: F2,57 = 3.823, P = 0.028). On average, flies spent over an 258 
hour longer on visits to fully–ripe than to unripe fruit, with visitation duration to ripe 259 
fruit intermediate between the two (Figure 3.1b). For mango variety Oakrong, there 260 
were also significant differences in the duration of visits by flies to fruit of different 261 
ripening stages (ANOVA: F2,57 = 15.098, P < 0.0001), but in this case the duration of 262 
visits by female flies to ripe and fully-ripe fruit were not significantly different and 263 
both were higher than the duration of visits to unripe fruit (Figure 3.1b). 264 
 265 
Oviposition attempts and pupal emergence in fruits of differing ripeness. The number 266 
of attempted ovipositions (fly adopting oviposition stance and attempting to penetrate 267 
skin of fruit with ovipositor) in mangoes of differing ripeness did not differ between 268 
different mango varieties (ANOVA: F2,114 = 1.378, P = 0.256) and so data was 269 
pooled. The number of attempted ovipositions differed significantly among different 270 
fruit ripening stages, with fewer attempted ovipositions into unripe fruit and equal and 271 
higher penetration into ripe and fully ripe fruit (ANOVA: F2,117 = 16.595, P < 0.0001) 272 
(Figure 3.1c).   273 
Almost no attempted ovipositions led to skin penetration and deposition of 274 
eggs. For mango variety Namdorkmai, only one piece of fully-ripe fruit yielded pupae 275 
and this subsequently yielded six adult flies. One female fly successfully oviposited 276 
into unripe fruit, but no pupa emerged. For mango variety Oakrong, there was one 277 
successful oviposition per each fruit ripening stage, but only two pupae emerged from 278 
fully-ripe fruit and neither eclosed as an adult. No pupae emerged from unripe or ripe 279 
fruit. 280 
 281 
 282 
Choice experiment 283 
Visit number and duration per day. The daily number of visits did not differ with 284 
ripening stage between mango varieties (ANOVA: F2,114 = 1.580, P = 0.210) and so 285 
data was pooled for analysis. There was a significant difference in the daily number of 286 
visits made by flies to fruit of different ripeness stage (ANOVA: F2,117 = 12.680, P < 287 
0.0001). As for the no-choice trial, flies made least visits to unripe fruit, significantly 288 
more to ripe fruit, and then significantly more again to fully-ripe fruit (Figure 3.2a). 289 
There was a significant difference between mango varieties in the duration of 290 
visits by female flies to fruits of different ripeness stages (ANOVA: F2,114 = 3.168, P 291 
= 0.046). For mango variety Namdorkmai, under choice conditions, female flies spent 292 
significantly more time on ripe and fully-ripe mangoes than unripe mangoes, while 293 
female flies did not spent differently time on ripe and fully-ripe mangoes (ANOVA: 294 
F2,57 = 4.958, P = 0.010) (Figure 3B). However, for mango variety Oakrong, flies 295 
spent nearly three times longer at fully-ripe fruit in comparison to both unripe and ripe 296 
fruit (ANOVA: F2,57 = 19.386, P < 0.0001) (Figure 3.2b).  297 
 298 
Oviposition attempts and pupal emergence in fruits of differing ripeness. Under 299 
choice conditions, there was a significant difference between mango varieties in the 300 
number of oviposition attempts in different fruit ripening stages (ANOVA: F2,114 = 301 
4.429, P = 0.014), hence results are presented independently for mango variety. For 302 
mango variety Namdorkmai, female flies made significantly similar numbers of 303 
oviposition attempts into ripe and fully-ripe fruits, but significantly fewer into unripe 304 
fruit (ANOVA: F2,57 = 7.353, P = 0.001). For mango Oakrong, flies made 305 
significantly more oviposition attempts into fully-ripe fruit than either unripe or ripe 306 
fruits (ANOVA: F2,57 = 23.102, P < 0.0001) (Figure 3.2c). For mango variety 307 
Namdorkmai, 12 pupae were recovered from one unripe fruit, with eight adults 308 
successfully eclosing. For mango variety Oakrong, one piece each of fully-ripe and 309 
ripe fruit were oviposited into, neither yielded pupae.  310 
 311 
We note here an unusual observation concerning fly oviposition into unripe fruit.  For 312 
those female flies that successfully penetrated the skin of unripe mango to lay eggs, 313 
clear resin immediately flowed from the resultant wound. We directly observed this 314 
resin flow pushing deposited fruit fly eggs out off the fruit (Figure 3.3). 315 
 316 
Larval performance 317 
Pupal number and pupal weight. Linear regression analysis of the number of pupae in 318 
a cohort versus the weight of pupae in a cohort for all replicates, across all treatments, 319 
indicated a strong, positive relationship (ANOVA: F1,119 = 279.988, P < 0.000, R² = 320 
0.704) (Figure 3.4). This implies that fruit type or ripeness did not influence pupal 321 
weight, but only pupal number. Because pupal weight and pupal number are so 322 
closely correlated, only results pertinent to pupal number are presented below. 323 
The number of pupae emerging from fruit of different stages of ripeness 324 
differed significantly between mango varieties (ANOVA: F2,114 = 6.735, P = 0.002).  325 
For mango variety Namdorkmai and mango variety Oakrong, pupal number differed 326 
significantly among different fruit ripening stages (ANOVA: F2,57 = 10.995, P < 327 
0.0001; F2,57 = 30.133, P < 0.0001). The percentage of pupae emerging from unripe 328 
fruit of both mango varieties was less than 20% of initial egg number placed, while 329 
for ripe and fully-ripe fruits of both varieties survival to pupation was greater than 330 
30%. Sixty percent of eggs developed through to pupae in ripe fruit of mango variety 331 
Oakrong (Figure 3.5). 332 
 333 
Percentage adult emergence from pupae. There was no significant difference in the 334 
percentage adult emergence from pupae derived from fruit of different ripeness stages 335 
between the two mango varieties (ANOVA: F2,114 = 0.696, P = 0.501), and so the data 336 
was pooled. The pooled data showed no significant difference in percentage adult 337 
emergence between ripening stages (ANOVA: F2,117 = 2.243, P = 0.111), with mean 338 
(± SE) percentage adult emergence being 70.39 + 2.90. 339 
  340 
Egg to adult duration. There was a significant difference in the egg to adult duration 341 
between different stages of ripeness among the two mango varieties (ANOVA: F2,114 342 
= 19.115, P < 0.0001). For mango variety Namdorkmai, immature development was 343 
most rapid in fully-ripe fruit and longest in unripe fruit, with ripe fruit intermediate 344 
between the two (ANOVA: F2,57 = 6.333, P = 0.003). For mango variety Oakrong, 345 
immature development took the longest time in fully-ripe fruit and the shortest in ripe 346 
fruit (ANOVA: F2,57 = 30.679, P < 0.0001) (Figure 3.6).  347 
 348 
List of numbered figure caption 349 
Figure 3.1(a) 350 
Figure 3.1(b) 351 
Figure 3.1(c) 352 
Figure 3.2(a) 353 
Figure 3.2(b) 354 
Figure 3.2(c) 355 
Figure 3.3 356 
Figure 3.4 357 
Figure 3.5 358 
Figure 3.6 359 
Table 1 360 
 361 
Discussion 362 
Varietal Difference 363 
Host discrimination pattern of female B. dorsalis in no-choice trials on mango variety 364 
Namdorkmai is similar to the one on mango variety Oakrong but the pattern in choice 365 
trials on both mango varieties were different. Female flies showed higher response to 366 
ripe and fully-ripe fruits than unripe fruit of mango variety Namdorkmai while they 367 
responded less to ripe fruit and unripe fruit of mango variety Oakrong. This indicated 368 
that female flies preferred ripe mango variety Namdorkmai over variety Oakrong in 369 
choice trials. If host determination of female flies was only relied on pericarp 370 
toughness and TSS, mango variety Namdorkmai have less attractive characteristics to 371 
female B. dorsalis than mango variety Oakrong with higher pericarp toughness and 372 
lower TSS (Table 1). In addition, high rate of larval survival and short development 373 
time in ripe fruit contradicted to less preference of female flies to ripe fruit of mango 374 
variety Oakrong (Fifure 3.5 and 3.6). Thus, the preference of female flies to ripe fruit 375 
of mango variety Namdorkmai over mango variety Oakrong may have been due to 376 
other factors such as color or volatile. Color of ripe mango variety Namdorkmai is 377 
already turned yellow but ripe mango variety Oakrong used in this study has special 378 
characteristic: green color and weak volatile. Green color and weak volatile of ripe 379 
mango variety Oakrong is possibility less attract to female flies B. dorsalis. This is 380 
interesting point for further study on the preference of fruit fly to host plant varieties 381 
depend on the fruit characteristics in each ripening stages or not? In contrast to 382 
varietal differences, the most obvious factors influencing adult response and larval 383 
performance in these trials was stage of fruit ripeness and this is discussed below. 384 
 385 
Adult oviposition preference & fruit ripening 386 
The consensus results indicate strongly that female flies have a greater response to 387 
ripe and fully-ripe mangoes than unripe mango. For only two data sets (total duration 388 
of visits and number of oviposition attempts in choice trials of mango variety 389 
Oakrong) was there no difference in the response of flies to unripe and ripe mangoes.  390 
 391 
These results may be partially explained by fruit characteristics. The fruit 392 
ripening process involves the conversion of acids and starch to free sugars, the 393 
development of pectinases which soften and ultimately break down the cell walls, and 394 
frequently the development of various pigments, usually anthocyanins, and the loss of 395 
chlorophyll (Bidwell, 1979; Yashoda et al., 2007). Thus the ripe and fully-ripe fruits, 396 
in comparison to unripe fruit, have a softer pericarp and higher TSS (Table 1), as well 397 
as exhibiting different skin color and odors (authors‟ pers obs).  398 
 399 
The pericarp toughness of the two mango varieties is likely to play a dominant 400 
role in oviposition behavior of female flies. Across all trials, only 5.6% of female B. 401 
dorsalis successfully oviposited into mangoes and pericarp toughness was clearly a 402 
limiting factor. Female tephritids have been shown on several occasions to have an 403 
oviposition preference for ripe fruit or fruit with softer pericarp, over unripe fruit or 404 
fruit with harden pericarp (Seo et al., 1982; Messina & Jones, 1990; Balagawi et al., 405 
2005).  406 
 407 
Resin ducts in pericarp of unripe fruit may also be an obstacle for ovipositing 408 
female flies. Observations showed that when flies made an oviposition wound in the 409 
pericarp of unripe mango, the resin flowed out immediately and pushed the eggs 410 
outside the fruit. In mature mango fruit, resin ducts form a network throughout the 411 
fruit both in the exocarp and the inner region of the mesocarp, including the fruit base, 412 
while the resin itself is released just before ripening (Joel, 1981). Mango resin 413 
contains phenol (Keil et al., 1946), which in crab apple has been reported as being 414 
toxic to larvae of Rhagoletis pomonella (Walsh) (Diptera: Tephritidae) (Pree, 1977), 415 
and this may be a cause of death to eggs or larvae of B. dorsalis. Joel (1978) and 416 
Herrera (1982) suggested that the Anacardiaceae, by producing secondary compounds 417 
such as resins, phenolics, alkaloids, saponins and volatile oils, have a herbivore 418 
defense mechanism which means few insects can attack the fruit of this family. 419 
Moreover, Joel (1978) also found that a mango variety with poorly developed duct 420 
systems was attacked by C. capitata. A similar defensive mechanism has been 421 
reported in green papaya, where latex production is thought to deter fruit fly attack 422 
(Seo et al., 1983).  423 
 424 
In this paper we report only on the fruit characteristics of pericarp toughness 425 
and TSS as variables possibly influencing adult preference. The color and odors of 426 
fruit, twig and foliage of host plant are other important cues attracting ovipositing 427 
fruit flies (Aluja & Prokopy, 1993; Prokopy & Vargas, 1996; Drew et al., 2003; 428 
Brevault & Quilici, 2007). Ripe and fully-ripe mangoes may have more attractive 429 
characteristics to female B. dorsalis than unripe mangoes, for example yellow skin 430 
color (Prokopy & Owens, 1983; Vargas et al., 1991; Cornelius et al., 1999) and 431 
stronger volatiles (Jang & light, 1991; Prokopy & Vargas, 1996; Lalel et al., 2003). In 432 
subsequent work, we will further explore the role of these attributes in our system. 433 
 434 
Larval performance and fruit ripening 435 
Although many host plants can sustain the full development of different tephritid 436 
species, host quality plays a major role in differential larval survival (Krainacker et 437 
al., 1987; Hing, 1991). Larval survival to pupation was less than 20% in unripe 438 
mango, indicating that unripe mango is a poor larval host. This result is consistent 439 
with those reported by Hennessey & Schnell (2001) for Anstrepha suspensa (Loew) 440 
(Diptera: Tephritidae) and may be related to high acidity and low free sugar in green 441 
fruit (Bidwell, 1979; Medlicott & Thompson, 1985, Table 1), as well as phenols in the 442 
resin ducts. In contrast, ripe and fully-ripe fruits were more suitable for larval 443 
development, with higher larval survival and shorter larval development times. The 444 
oviposition preference of B. dorsalis females for ripe and fully-ripe mango, the most 445 
suitable hosts for offspring survival, is consistent with other tephritid studies.  446 
Ceratitis capitata females prefer to oviposit into ripe papaya fruit over unripe fruit 447 
and their larvae develop better in ripe papaya (Joachim-Bravo et al., 2001), while 448 
Anastrepha obliqua (Macquart) (Diptera: Tephritidae) exhibited a preference for an 449 
artificial oviposition substrate composed of higher quality nutrients [for offspring 450 
performance] (Fontellas-Brandalha & Zucoloto, 2004). In contrast, female flies A. 451 
ludens lay larger egg clutches into unripe fruit than ripe fruit, even though larval 452 
survival is lower in unripe fruit (Diaz-Fleischer & Aluja, 2003). The reasons for this 453 
counter-intuitive behavior are speculative, but may be based on larger larval clutches 454 
modifying an unsuitable host fruit environment (for example by increased metabolic 455 
heat, increasing bacterial decay), or as an optimizing oviposition strategy by time-456 
limited females.  457 
 458 
Low host suitability of either mango and implications for trade 459 
In contrast to the high infestation rate of fruit flies in the two mango varieties in the 460 
field (as reported by farmers, authors‟ pers obs), the results of the experiments 461 
presented here are that there are very low oviposition rates and relatively poor 462 
offspring survival of either mango variety. What might be the reason for the 463 
discrepancy? For low oviposition rate of laboratory flies in this experiment, it is 464 
possible that the ability to oviposit into fruit by laboratory flies may be less than wild 465 
flies. Our post hoc experiments using wild flies (as noted in the Materials & Methods) 466 
do not, however, support this interpretation. Rather, many tephritid species prefer to 467 
lay their eggs into soft spots or existing wounds in fruit (Pritchard, 1969; Papaj et al., 468 
1989; Papaj & Alonso-Pimentel, 1997). In the laboratory, for both mango varieties, 469 
we readily observed flies laying eggs into natural or artificial fruit wounds, 470 
particularly at the base of the pedicel. Thus in the field, oviposition of flies may 471 
naturally be making use of bruises, wounds or cracks in the fruit, the result of feeding 472 
or oviposition by other insects (including conspecifics), wind damage, variation in 473 
available water, farming practices (harvesting, pruning, bagging), plant diseases, or 474 
fruit over-ripeness. Similar attributes have been attributed to altering the field 475 
susceptibility of fruit in other fruit fly/cropping systems (Greany et al., 1983; Greany 476 
et al., 1985; Liquido et al., 1995; Aluja et al., 2004). and should be tested for our 477 
system in field studies. Not only was oviposition rate poor, but so was subsequent 478 
larval survival in our two mango varieties and this may be partially due to the 479 
secondary compounds known to occur in unripe and ripe fruit of the Anacardiaceae 480 
(Joel, 1978; Herrera, 1982). However, for high quality fruit, particularly if picked 481 
green, we suspect infestation rates will be very low. If these findings are supported by 482 
field infestation data, then the results could be incorporated into a system‟s approach 483 
for market access. 484 
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 734 
Figure legends 735 
Figure 3.1(a): The mean (+ SE) number of visits during a day by gravid female 736 
Bactrocera dorsalis to two mango varieties at three stages of ripeness in a no-choice 737 
situation. The number of visits did not differ between varieties and so data was 738 
pooled. Columns surmounted by the different letter are statistically different (Tukey-739 
test, P < 0.05, n = 40). Significance is based on transformed data using log (x + 1), 740 
non-transformed data is plotted.  741 
 742 
Figure 3.1(b): The mean (+ SE) duration (minutes) of visits during a day by gravid 743 
female Bactrocera dorsalis to two mango varieties at three stages of ripeness in a no-744 
choice situation. Columns surmounted by the different letter within the same variety 745 
are statistically different (Tukey-test, P < 0.05, n = 20). Significance is based on 746 
transformed data using log (x + 1), non-transformed data is plotted.  747 
 748 
Figure 3.1(c): The mean (+ SE) number of attempted ovipositions by gravid female 749 
Bactrocera dorsalis into three ripeness categories of mango in a no-choice situation.  750 
The data was pooled from observations made independently on mango varieties 751 
Namdorkmai and Oakrong. Columns surmounted by the different letter are 752 
statistically different (Tukey-test, P < 0.05, n = 40). Significance is based on 753 
transformed data using log (x + 1), non-transformed data is plotted.  754 
 755 
 756 
 757 
Figure 3.2(a): The mean (+ SE) number of visits during a day by gravid female 758 
Bactrocera dorsalis to two mango varieties at three stages of ripeness in a choice 759 
situation. The data was pooled from observations made independently on mango 760 
varieties Namdorkmai and Oakrong. Columns surmounted by the different letter are 761 
statistically different (Tukey-test, P < 0.05, n = 40). Significance is based on 762 
transformed data using log (x + 1), non-transformed data is plotted.  763 
 764 
Figure 3.2(b): The mean (+ SE) duration (minutes) of visits during a day by gravid 765 
female Bactrocera dorsalis to two mango varieties at three stages of ripeness in a 766 
choice situation. Columns surmounted by the different letter within the same variety 767 
are statistically different (Tukey-test, P < 0.05, n = 20). Significance is based on 768 
transformed data using log (x + 1), non-transformed data is plotted.  769 
 770 
Figure 3.2(c): The mean (+ SE) number of attempted ovipositions by gravid female 771 
Bactrocera dorsalis into three ripeness categories of two mango varieties in a choice 772 
situation.  Columns surmounted by the different letter within the same variety are 773 
statistically different (Tukey-test, P < 0.05, n = 20). Significance is based on 774 
transformed data using log (x + 1), non-transformed data is plotted.  775 
 776 
Figure 3.3:  The resin flowed from the resultant wound on the skin of unripe mango 777 
and pushed deposited fruit fly eggs out off the fruit. OS is oviposition scar, EC is egg 778 
clutch ejected in sap. 779 
 780 
Figure 3.4:  Combined results illustrating the relationship between cohort pupual 781 
number and cohort pupal weight for Bactrocera dorsalis pupae reared from two 782 
mango varieties (Namdorkmai and Oakrong), each at three stages of ripeness (unripe, 783 
ripe and fully-ripe).  Regression analysis was used to describe the relationship 784 
between the number of pupae and the weight of pupae in a cohort for all replicates, 785 
across all treatments. 786 
 787 
Figure 3.5:  The mean (+ SE) percentage of Bactrocera dorsalis pupae reared from 788 
two mango varieties (Namdorkmai and Oakrong), each at three stages of ripeness 789 
(unripe, ripe and fully-ripe).  Columns surmounted by the different letter within the 790 
same variety are statistically different (Tukey-test, P < 0.05, n = 20). Significance is 791 
based on transformed data using log (x + 1), non-transformed data is plotted. Each 792 
replicate (20 per fruit variety and stage) was initiated as a cohort of 20 eggs.  The 793 
number at top each column is the number of fruit yielding at least one pupa. 794 
 795 
Figure 3.6: The mean (+ SE) development time egg to adult duration (days) of 796 
Bactrocera dorsalis reared from two mango varieties (Namdorkmai and Oakrong), 797 
each at three stages of ripeness (unripe, ripe and fully-ripe). Columns surmounted by 798 
the different letter within the same variety are statistically different (Tukey-test, P < 799 
0.05, n = 20). Significance is based on transformed data using log (x + 1), non-800 
transformed data is plotted. [n = 20, 20-egg cohorts per fruit type and stage]. 801 
 802 
 803 
804 
Table 1:  Fruit attributes of two mango varieties at three stages of ripeness.   805 
Fruit 
properties 
 
Namdorkmai Oakrong 
unripe ripe fully-ripe unripe ripe fully-ripe 
Width (cm) 8.78 ± 0.14 
n = 20 
  6.90 ± 0.03 
n = 20 
  
Length 
(cm) 
13.90 ± 0.03 
n = 20 
  9.92 ± 0.03 
n = 20 
  
Thickness 
(cm) 
6.84 ± 0.03 
n = 20 
  5.52 ± 0.02 
n = 20 
  
TSS (°Bx) 10.48 (0.22)a 
n = 15 
15.07(0.30)b 
n = 15 
18.64(0.85)c 
n = 15 
10.53(0.17)a 
n = 20 
17.09(0.27)b 
n = 20 
19.14(0.37)c 
n = 20 
Pericarp 
toughness 
(kg/cm
2
) 
1.09 (0.01)a 
n = 11 
0.77 (0.02)b 
n = 13 
0.22 (0.01)c 
n = 13 
1.03 (0.02)a 
n = 10 
0.55 (0.03)b 
n = 15 
0.10 (0.00)c 
n = 15 
 806 
n = number of replicate 807 
Fruit size did not change across the ripeness stages measured.  808 
Values (mean + SE) in the same row followed by the different letter are significantly 809 
different (Tukey-test, P < 0.05). Significance is based on transformed data using log 810 
(x + 1), non-transformed data is presented. 811 
 812 
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